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Characterization of Fe17R2 phases (R5Pr and Sm) oxidized at 200 °C
S. Gama, C. A. Ribeiro, F. A. O. Cabral,a) C. C. Colucci, E. de Morais, N. L. Sanjurjo,
C. Campos, J. D. Ardisson,b) and A. I. C. Persianob)
Instituto de Fı´sica Gleb Wataghin, Universidade Estadual de Campinas-UNICAMP, Caixa Postal 6165, 13
083-970 Campinas, SP, Brazil
The results of oxygen absorption in temperatures ranging from 200 to 500 °C are reported for the
phases Fe17R2, R5Pr and Sm. It was observed that the oxygen saturation limit is temperature
dependent, being of 3 at/fu at 200 °C, 12.8 at/fu at 300 °C, 20.3 at/fu at 400 °C, and 28.5 at/fu at
500 °C. This implies that above 200 °C the phase is deeply altered by oxygen absorption. Samples
with absorption at 200 °C were studied as prepared and heat treated at 500 °C/40 h. The results show
that the heat-treated samples consist of Fe17R2, Fe, and R2O3. Metallographic examination,
susceptibility, and Mo¨ssbauer spectroscopy data support the hypothesis that the as-prepared samples
consist of a mixture of Fe17R2 and ordered interstitial Fe17R2Ox . © 1996 American Institute of
Physics. @S0021-8979~96!34308-1#
I. INTRODUCTION
Since Coey’s1 discovery that the Fe17R2 phases ~R5rare
earths! absorb three nitrogen atoms per formula unit ~at/fu!,
it has been shown that these phases can absorb other inter-
stitials, e.g., hydrogen and carbon. For all these interstitials
there occurs a lattice expansion, preserving the same crystal-
lographic structure, but with changes in the magnetic
properties.2 In the nitrogen case, it is observed a direct pre-
cipitation of a nitrogen saturated phase, without the forma-
tion of any solid solution.3
It is expected that oxygen should have the same behavior
as nitrogen in regard to absorption by the 17:2 phases. We
studied previously oxygen absorption, at 600 °C or higher,
by Fe-Pr and Fe-Nd multiphase alloys.4,5 The results showed
only phases that were decomposition products, as mixed ox-
ides or oxides, none of them magnetically ordered. In the
present work we describe results obtained for oxygen absorp-
tion conducted in the temperature range typical for nitrogen
absorption.
II. EXPERIMENT
The Fe17Sm2 samples were obtained from Goldschmidt
Co. ~Germany! in powder form. In the case of Fe17Pr2 , the
samples were arcmelted in argon and heat treated at 1000 °C
during ten days, and turned into powder. The samples were
sieved to have particle sizes in the range 32–50 mm. Gas
absorption was done in a Sieverts apparatus, with strict tem-
perature control through a type K thermocouple inside the
reactor chamber. As the absorption is strongly exothermic,
gas was admitted in small amounts each time, never allowing
the sample temperature to deviate from the reactor tempera-
ture. Absorptions were done, from partial to saturation con-
centrations at 200, 250, 300, 400, and 500 °C. Some of the
samples were heat treated at 500 °C/40 h in quartz ampoules
under high-purity argon.
Samples were analysed by metallography, by ac thermo-
magnetic analysis ~TMA!, by x-ray diffraction using Fe Ka
radiation, and magnetic measurements at room temperature
using a vibrating sample magnetometer ~VSM!. Also absorp-
tion in a Netzsch thermogravimetric analyser ~TGA! using
heating rate as low as 0.2 °C/min up to 800 °C in flowing
oxygen has been done. We did also Mo¨ssbauer spectroscopy
measurements at room temperature.
III. RESULTS AND DISCUSSIONS
Our observations show that the Fe17R2 phases ~R5Sm
and Pr! can absorb large amounts of oxygen. At 200 °C the
samples absorb up to 3 at/fu. This is similar to what is ob-
served in the nitrogen case, the difference being that nitrogen
absorption takes place at higher temperatures ~300 °C!. As
the temperature increases, the oxygen saturation limit in-
creases dramatically. So, at 300 °C saturation occurs at 12.8
at/fu, at 400 °C at 20.3 at/fu, and at 500 °C at 28.5 at/fu. This
last result is confirmed by the TGA experiment, in which the
total gas absorbed amounted to 29 at/fu. This indicates that
for absorption temperatures above 200 °C the original 17:2
phase is profoundly altered. Similar results were obtained for
the Pr case. For this reason, we concentrated this work on the
samples of the two materials with absorption temperature of
200 °C. Samples with oxygen nominal contents of 0.5, 1.0,
1.5, 2.0, 2.5 at/fu and saturation were prepared.
The microstructure of a partially oxygenated sample at
200 °C @Fig. 1~A!# is similar to a partially nitrogenated one
at 500 °C or higher temperature.3 It presents a diffusion mi-
crostructure of the shell-core type, but it can be clearly seen
that diffusion along phase and grain boundaries is competing
with bulk diffusion. TMA results ~Fig. 2! indicate that for
partial absorptions we have the signature of the oxygen-free
17:2 phase and, beginning at 300 °C, a marked susceptibility
increase, leading to a maximum at or above 500 °C. We note
that this maximum does not appear in the cooling part of the
TMA curve.
Comparing visually the samples before and after the
TMA runs and after heat treatment, it is seen clearly a re-
markable color change. They change from dark gray after
oxidation to metallic gray after heat treatment or TMA mea-
surement. Comparing the microstructures of the as-prepared
and the TMA samples, we see a big modification of the origi-
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nal microstructure. The powder particles in the TMA samples
are now almost homogeneous @Fig. 1~B!#. This suggests that
the heating allows a redistribution of oxygen in the sample,
as expected for the case of formation of an oxygen solid
solution. To verify this effect, we took the samples and heat
treated them at 500 °C/40 h in argon atmosphere.
The microstructures of the heat-treated samples turned
out to be very similar to the TMA ones. Thermomagnetic
analysis of the heat-treated samples show only the presence
of the oxygen-free phase, with no maximum around 500 °C,
and the curves are now reversible.
We also obtained x-ray diffraction data for the as-
prepared and heat-treated samples. The data show that the
as-prepared samples maintain the same diffraction patterns
as the phase not oxidized; no change in peak positions or
peak widths are observed, neither the presence of some extra
phase. It seems that the oxygen has no noticeable effect in
the lattice parameters. The data for the heat-treated samples
show that these samples consist mainly of the 17:2 phase,
pure Fe and probably Sm2O3. The x-ray data for the se-
quence of samples show that, with increasing oxygen con-
tent, the Fe amount increases and the Fe17R2 amount de-
creases. This is also confirmed by Mo¨ssbauer measurements.
These results led to the conclusion that holding these
samples at high temperatures for long times, as during heat
treatments, or for short times, as in a TMA measurement,
brings out a decomposition of the phase into pure Fe and
R2O3, which can be described by the reaction:
Fe17R213/2 O2!17 Fe1R2O3 . ~1!
We note that in this reaction the number of oxygen at-
oms per formula unit of the original 17:2 phase is exactly 3.
This is also the saturation number for the 200 °C absorption
temperature. This observation rises the question: is the oxy-
gen entering interstitially in the phase, or it reacts with the
phase at once according to the above reaction? Three obser-
vations indicate that there is formation of an interstitial solid
solution. First, the radical change in the microstructures after
heating the samples. The samples become more or less ho-
mogeneous, and this requires that the oxygen is stored inter-
stitially in the lattice of the phase, and, opposite to what
happens in the nitrogen case, the oxygen must have high
mobility, so that, during the heating, it is able to spread all
over the grains, react with the phase and decompose it. The
second observation is coming from the TMA curve. It shows
a notable increase in the susceptibility, beginning at 300 °C.
This has no parallel in the nitrogen case, and can be ex-
plained identifying the beginning of the increase in the TMA
curves with the beginning of iron precipitation in very fine
form in the microstructure. The susceptibility then increases
until all oxygen reacts and the corresponding free iron pre-
cipitates. This is an irreversible process, and, accordingly, so
are the TMA curves for the as prepared samples. The suscep-
tibility decrease observed around 500 °C probably arises
from the temperature variation of the Fe susceptibility, or
from a phase that is a decomposition product, not yet iden-
tified. The uniformity of the observed heat-treated or TMA
microstructures is attributed to this Fe and Sm2O3 precipita-
tion in very fine scale. This same fine precipitation has been
observed in the oxidation process for the Fe14Nd2B phase.6
These observations imply that if oxygen absorption is in-
creasing the Curie temperature, as happens with the other
interstitials ~H, C, and N!,2 we can not see it because the very
measuring process prevents us from obtaining its value.
The third observation comes from Mo¨ssbauer measure-
ments, particularly clear for the case of Pr, in which case the
unoxidized phase is paramagnetic at room temperature. The
Mo¨ssbauer spectra was fitted using the doublet characteristic
of the unoxidized phase, plus a broad hyperfine field distri-
bution and a set of four sextets corresponding to an ordered
phase ~with spectral areas approximately proportional to
6:6:3:2!. The existence of the hyperfine field distribution can
FIG. 1. Microstructures of Fe17Sm2 samples, with oxygen absorption at
200 °C ~a! as-prepared, ~b! TMA measured up to 700 °C.
FIG. 2. TMA data for the Fe17Sm2O2 sample, absorption at 200 °C.
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be best interpreted as the formation of an oxygen solid solu-
tion, distinct from the unoxidized phase. The hyperfine pa-
rameters obtained from fitting the four sextets, taking ac-
count of the iron present, show hyperfine fields of 35.5, 33.8,
32.0, and 38 T that can be associated with the 6 f , 6h , 3d ,
and 2c iron sites, respectively, using the hypothesis that we
are dealing with a 17:2 phase. In the moment, there is no
firm justification for this supposition, and the data can be
interpreted also as belonging to a mixed oxide, as yet not
identified.
IV. CONCLUSIONS
We can conclude that:
~1! The phases Fe17R2, R5Pr and Sm, can absorb oxy-
gen from 200 °C up to 500 °C, with saturation values in-
creasing with the absorption temperatures.
~2! At 200 °C, most probably the oxygen is absorbed
interstitially, affecting the magnetic properties as do the other
interstitials. At higher absorption temperatures, the original
phase is profoundly altered already during the absorption
process.
~3! For the 200 °C samples, heating as in heat treat-
ments or TMA measurements homogenizes the microstruc-
tures and leads to a very fine scale precipitation of pure Fe
and Sm2O3. This prevents the determination of the Curie
temperature for the oxidized phase.
~4! Metallographic analysis, TMA, and Mo¨ssbauer spec-
troscopy measurements all point to the existence of an or-
dered interstitial phase.
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